) is increasingly reported and leads to glycopeptide treatment failure. Various phenotypic features have been reported for these isolates, but the genetic changes leading to hVISA and VISA have yet to be clearly determined. We assessed phenotypic, antibiotic resistance, and genomic changes by using genomic DNA microarray comparison and sequencing of selected loci in five pairs of clinical hVISA/VISA strains and the initial methicillin-resistant Staphylococcus aureus (MRSA) isolates obtained prior to vancomycin therapy. The isolates were from adult patients in Australia and New Zealand who had persistent MRSA bacteremia (>7 days) while receiving vancomycin therapy. In all cases, the initial isolates were found to be fully vancomycin-susceptible Staphylococcus aureus (VSSA). The hVISA/VISA phenotype was associated with increased cell wall thickness, reduced autolytic activity in four of five hVISA/VISA strains, and a striking reduction in biofilm formation compared to the parent strains in all pairs. All five pairs appeared to be isogenic, and genomic DNA microarray comparison suggested that major genetic changes are not required for the development of the resistant phenotype in these strains. No sequence differences were found in the agr locus or the tcaRA genes for any pair, but a marked reduction in RNAIII expression was found in four pairs. In summary, hVISA/VISA arises from fully VSSA during persistent infection that fails to respond to glycopeptide therapy and is associated with significant phenotypic changes, including a marked reduction in biofilmforming ability. These clinically derived pairs of isolates will be a useful resource to elucidate the genetic mechanism of resistance in hVISA/VISA strains.
Low-level vancomycin resistance in Staphylococcus aureus (vancomycin-intermediate S. aureus
and heterogenous VISA [hVISA] ) has become a significant clinical problem in many parts of the world (19, 44, 48) . VISA and hVISA strains are associated with serious infections that can lead to glycopeptide treatment failure (5, 14, 22, 29) . VISA strains with a vancomycin MIC of 8 g/ml by broth dilution have been the focus of much of the concern. However, strains of VISA with an MIC of 4 g/ml (according to new CLSI definitions [6] ) and hVISA (vancomycin MIC, Յ2 g/ml; but with a resistant subpopulation able to grow at higher vancomycin concentrations) now appear very frequently (48) . These strains that develop during continued glycopeptide exposure are thought to be precursors of VISA with a vancomycin MIC of 8 g/ml (20, 29, 33, 34, 42, 43) . A complete understanding of the mechanisms and factors leading to resistance remains elusive. Resistance may develop by different pathways (48) , but a consistent observation appears to be a thickened cell wall with reduced peptidoglycan cross-linking leading to cell wall "clogging" with vancomycin (8, 10, 48) .
A marked reduction in autolytic activity and reduced cell wall turnover have been found in hVISA/VISA strains from the United States (3, 33, 41) . Similarly, reduced whole-cell autolytic activity was recently confirmed in the Japanese VISA strain Mu50 (45) after initial reports suggesting increased cell wall autolytic activity (15) . Studies assessing the genetic changes in VISA isolates have demonstrated a number of metabolic pathways and regulatory genes that may contribute to resistance (9, 25, 28, 38, 48) . In particular, the agr twocomponent regulatory system has been linked to low-level vancomycin resistance in S. aureus, with reports suggesting that agr type II strains and loss of agr function are associated with VISA (37, 38, 39) . Loss of agr function could have significant effects on exoprotein and adhesion expression and could potentially promote biofilm formation (31, 47) . It has previously been noted that many reported VISA infections have involved biomedical devices (37) , and biofilm formation on these devices could be an important initial step in the pathway to vancomycin resistance. The tcaRAB operon has also been linked to glycopeptide resistance in S. aureus. In particular, inactivation of tcaA is associated with increased teicoplanin resistance (4, 27) . Two clinical VISA strains with truncated tcaA genes have been described previously (27) ; however, further analysis revealed that the tcaA sequences of the resistant strains were identical to those of vancomycin-susceptible strains N315 and COL (50) . Nonsense mutations and frameshift mutations of agr have also previously been described for some hVISA and VISA strains (37) .
We have previously noted that the hVISA/VISA phenotype was detected in the laboratory only after many days of failed vancomycin therapy in most patients (5, 22) . We were able to retrieve the initial blood culture or clinical isolates obtained prior to the initiation of vancomycin therapy in a number of patients from these studies. These isolates were all from patients in Australia and New Zealand, a region geographically distinct from the other parts of the world where work to describe and understand the resistant phenotype has been done. In this study, we characterized five clinical pairs of vancomycinsusceptible S. aureus (VSSA) and hVISA/VISA (vancomycin MICs, 2 to 4 g/ml) isolates obtained before and after failed vancomycin therapy to better understand the changes associated with this more common level of vancomycin resistance.
MATERIALS AND METHODS
Bacterial strains and culture conditions. Staphylococcus aureus strains are listed in Table 1 . The five pairs of clinical strains were isolates from patients with persistent methicillin-resistant S. aureus bacteremia (persistently blood culture positive after Ͼ7 days of vancomycin therapy). The initial isolates from each strain pair were recovered prior to the commencement of vancomycin therapy in all patients. Vancomycin was the only glycopeptide used to treat these patients, with serum levels monitored in all patients. The serum trough levels were generally targeted at 15 g/ml. Strains were stored in glycerol broth at Ϫ80°C and subcultured twice onto Columbia blood agar (Oxoid) for 48 h before being used for any experiment. Unless otherwise indicated, all isolates were grown in brain heart infusion broth (BHIB; Oxoid).
Antibiotic susceptibility testing. Vancomycin and teicoplanin MICs were determined by broth microdilution in Mueller-Hinton broth and read at 24 h according to CLSI (formerly NCCLS) criteria (6) . Using the new criteria, S. aureus strains with a vancomycin MIC of 4 to 8 g/ml were defined as VISA. The oxacillin MIC was determined by Etest (AB Biodisk) according to the manufacturer's instructions.
Population analysis. A vancomycin population analysis profile (PAP) was performed by serial dilution of an overnight BHIB culture and inoculation of BHI agar containing 0 to 8 g/ml vancomycin. Colonies were counted after incubation for 48 h in air at 35°C and plotted on a graph of the number of CFU/ml versus vancomycin concentration. The hVISA strain Mu3 (ATCC 700698) and the vancomycin-susceptible S. aureus strain ATCC 25923 were tested in parallel as positive and negative controls, respectively. An isolate was defined as hVISA if the vancomycin MIC was Յ2 g/ml and the PAP area under the curve (AUC) of the test strain to Mu3 was Ն0.9 (49).
Molecular typing. For pulsed-field gel electrophoresis, agarose plugs of genomic DNA were prepared, digested with SmaI, and then subjected to electrophoresis as described previously (30) . Images were assessed visually to determine the number of bands of difference between the VSSA and hVISA/VISA strains from each pair. Isolates were considered clonal if there were Յ3 bands of difference. Amplification and sequencing of the protein A gene repeat region (spa typing) were performed using primers 1095F and 1517R as previously described (16) . The spa sequences were analyzed using eGenomics software to define the spa type (24) . The agr type of each strain was determined after sequencing the whole agr locus (see below) and defined by performing a BLAST search using the hypervariable region of the sequence (3Ј end of agrB and agrD and 5Ј end of agrC) (51) and matching the region to known agr type strains.
DNA techniques. Genomic DNA was extracted using the GenElute bacterial genomic DNA kit (Sigma) according to the manufacturer's instructions. PCR amplification of DNA was carried out using Taq DNA polymerase (Roche Molecular Biochemicals). DNA sequencing was performed using BigDye Terminator version 3.1 cycle sequencing kits (Applied Biosystems), and the reaction mixtures were analyzed with the 3730 DNA analyzer (Applied Biosystems). A PCR for enterococcal vanA and vanB genes was performed using previously described primers (1) . Enterococcus faecalis vanB strain ATCC 51299 and an Enterococcus faecium vanA clinical isolate were used as positive controls, and vancomycin-susceptible E. faecalis strain ATCC 29212 was used as a negative control. Primers for amplifying and sequencing the whole agr locus were agr1 and agr2 as previously described (35) . Primers for the tcaRA genes were designed using the methicillin-resistant S. aureus (MRSA) COL strain genome sequence (GenBank accession number CP000046). They were tcaRA1 (5Ј-CAATCCCTT CAAAGTAATTCACA-3Ј) and tcaRA2 (5Ј TGCGATACAATGATTGCTGA G-3Ј). g NA, incomplete data available; however, all vancomycin serum levels were above 10 g/ml.
Electron microscopy. Staphylococcus aureus strains were subcultured onto Columbia blood agar plates and grown at 37°C for 24 h. A sample of each strain was resuspended in phosphate-buffered saline, pelleted by centrifugation, and resuspended in fixative as previously described (12) . Briefly, prefixation was in 75 mM L-lysine (L-5626; Sigma) in 0.075% ruthenium red, 2% paraformaldehyde, and 2.5% glutaraldehyde in 0.1 M cacodylate buffer for 20 min. This was followed by fixation in the above-described solution, excluding the lysine, for 2 h. From this point, cells were then handled as pellets. After three 10-min washes in cacodylate buffer, the cells were postfixed in 1% OsO 4 for 2 h, followed again by three 10-min cacodylate buffer washes. Dehydration was through a graded acetone series, followed by infiltration and embedding in Epon-araldite epoxy resin. Thin sections were cut and stained with uranyl acetate and lead citrate before being viewed with a Philips CM10 electron microscope at 60 kV. For cell wall thickness analysis, 100 measurements of equatorially cut cells were recorded for each strain and expressed as mean and 95% confidence interval, with the operator blinded with respect to the resistance status of the strain. The statistical significance of the data was evaluated by Student's t test using GraphPad Prism 4.0 (GraphPad Software Inc., San Diego, CA).
Autolytic assay. Triton X-100-induced autolysis was measured as previously described, with some modifications (40) . Briefly, after overnight growth in BHIB, 500 l was added to 50 ml BHIB and grown to an optical density at 600 nm (OD 600 ) of ϳ0.5. Twenty milliliters of culture was rapidly chilled, then washed in ice-cold distilled water, and resuspended in 50 mM glycine-0.01% Triton X-100 (pH 8.0) to an OD 600 of ϳ1.0. Samples were incubated at 37°C with gentle agitation, and the OD 600 was measured hourly using a 552 UV-VIS spectrophotometer (PerkinElmer).
Genomic DNA microarrays. Genomic DNA arrays were performed to compare the VSSA and hVISA/VISA strains from each clinical pair. Two micrograms of AluI-digested genomic DNA from each isolate was used in a random primer/reaction buffer mix (125 mM Tris, pH 7.0, 750 ng/l random primers, 25 mM mercaptoethanol, 12.5 mM MgCl 2 ), and the sample was boiled for 5 min and then placed on ice. Five microliters of deoxynucleoside triphosphate mix (1.2 mM each of dATP, dGTP, and dCTP and 0.6 mM dTTP), 3 l of Cy3-or Cy5-labeled dUTP (1 mM) (Amersham Bioscience), and 1 l of high-concentration Klenow fragment (50 units) (Biolabs) were added. The mixture was incubated at 37°C for 2 h, and the reaction was stopped by the addition of 5 l 0.5 M EDTA (pH 8.0). The cDNA probe was purified on a Microcon-30 filter (Millipore). The Cy3 and Cy5 probes were combined and then dried to completion in a Speed Vac.
Version 2 Staphylococcus aureus microarray slides (The Institute for Genomic Research, Maryland) were used. These amplicon-based arrays contain 2,592 open reading frames from S. aureus strain COL and 617 unique open reading frames from strains Mu50, MW2, and N315, all in triplicate.
Thirty microliters of hybridization mixture containing Cy3-and Cy5-labeled probes, 15 l formamide (Sigma), 5ϫ SSC (1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate), 0.1% sodium dodecyl sulfate, and 22.5 g herring sperm DNA (Promega) was denatured at 95°C, applied to the microarray slide, and incubated overnight at 42°C.
After being washed, the microarrays were scanned with a GMS418 array scanner (Genetic MicroSystems, California) and signal intensity was analyzed with ImaGene version 5.1 (Biodiscovery, Louisiana). The data were normalized and analyzed using BioArray Software Environment (available at http://base .thep.lu.se) (36) . The data from spots where there was a signal intensity of less than 250 in both channels were filtered out. The data were then subjected to a global median ratio and Lowess transformation. The ratio (n-fold) of the background-corrected mean signal intensities for each gene identification remaining in the data set was calculated. The Wilcoxon signed-rank t test was used to assess the probability that the background-corrected mean signal intensities differed between the hVISA/VISA and VSSA genomic preparations. A cutoff of Ն3-fold change and a P value of Ͻ0.05 were considered significant and used to assess genomic changes between the pairs.
Preparation of total RNA. Exponential-phase culture (20 ml) was added to 10 ml RNAlater RNA stabilization reagent (QIAGEN) and allowed to stand for 10 min. RNA was isolated using the RNeasy midi kit (QIAGEN) with on-column DNase I digestion (QIAGEN). The quality and quantity of total RNA were confirmed by agarose gel electrophoresis and spectrophotometry.
Quantitative real-time PCR for RNAIII expression. After a second DNase I treatment, cDNA was synthesized using SuperScript II RNase H reverse transcriptase (Invitrogen) at 42°C with 5 g of RNA. mRNA levels for RNAIII and 16S rRNA were determined using previously described primers and cycling conditions (35) . Each assay mixture contained 10 l of SYBR green PCR master mix (Applied Biosystems), 1.6 l of each primer (final concentration, 0.2 M), and 2.4 l of template. Fluorescence emission was detected with an ABI 7700 sequence detection system (Applied Biosystems), and RNAIII expression was normalized on the basis of 16S rRNA levels as previously described (35) . Each assay was performed in triplicate and repeated twice.
Biofilm assay. The ability of strains to adhere to a polystyrene microtiter plate was assessed as previously described, with some modifications (18) . After overnight growth in 10 ml BHIB with aeration, the culture was diluted 1:200 in BHIB (with no additives) and then 200 l was used to inoculate a well of a 96-well polystyrene microtiter plate (Sarstedt), with eight replicates per experiment. The starting inoculum was calculated for all isolates and was the same (ϳ10 7 CFU/ ml). The tray was incubated at 37°C with shaking for 24 h. Unbound cells were removed by inversion of the microtiter plate and tapping on absorbent paper. The adherent cells were stained with 200 l of 0.1% crystal violet, and excess stain was removed by multiple washes with phosphate-buffered saline. After being dried, the crystal violet was solubilized by adding 200 l of ethanol-acetone (80:20, wt/wt) and the absorbance at 570 nm was measured with an enzymelinked immunosorbent assay reader. Each assay was performed five times.
Microarray data accession number. The microarray data have been deposited in GEO with the series accession number GSE5047.
RESULTS
Isolate details. The five pairs of clinical strains (Table 1) were isolated from patients with methicillin-resistant S. aureus infections who had persistent bacteremia. The duration of bacteremia was between 8 and 32 days while receiving vancomycin. All of the initial isolates were obtained prior to the commencement of vancomycin therapy, and the isolates were obtained from two states of Australia and also from New Zealand. All isolates were blood culture isolates except JKD6009, which was a swab isolate from an infected wound which was the source of subsequent bacteremia. The wound isolate was used because all other available isolates for this patient were obtained after the commencement of vancomycin therapy.
Antibiotic susceptibility results. PAP confirmed that the initial isolates from all five pairs were VSSA (vancomycin PAP AUC ratio, Ͻ0.9 compared to that of Mu3), while the later isolates were either hVISA (n ϭ 2; vancomycin PAP AUC ratio, Ͼ0.9 compared to that of Mu3) or true VISA (n ϭ 3; vancomycin microbroth MIC, 4.0 g/ml) (Fig. 1) . The vancomycin and teicoplanin MICs increased in all five pairs between the initial and later isolates. Of note, the two hVISA isolates with a vancomycin MIC of 2 g/ml had previously been documented to have an MIC of 4 g/ml.
Molecular typing. Pulsed-field gel electrophoresis revealed identical banding patterns for three of the isolate pairs (Fig. 2) , while a two-band difference was noted for the other pairs, indicating that the hVISA/VISA strains were clonally related to the initial VSSA isolates in all patients. The spa typing confirmed these results and identified identical spa types for the VSSA and hVISA isolates from all pairs. Of note, four of the pairs had the same spa type (type 3) while the last pair (JKD6004 and JKD6005) had a previously unrecognized spa type (type 574). Comparison of the sequence of the hypervariable region of the agr locus for all 10 clinical isolates revealed a 99% match to that of the same region of the MRSA COL genome, which contains a type I agr locus (51). All 10 isolates were therefore agr type I strains.
Electron microscopy. Electron microscopy was performed to compare the cell wall thicknesses of each pair of strains. All hVISA/VISA isolates had a thicker cell wall than the parent strains (Fig. 3) Previous studies have demonstrated various results for autolytic activity in VISA strains, although reduced autolysis is more common. We therefore tested our strains for autolytic activity compared to that of the parent strain. Results of the autolytic analysis revealed a reduction in autolytic activity for all hVISA/VISA isolates compared to that of the parent VSSA strains, except for one pair (JKD6051 and JKD6052) (Fig. 4) . No difference was observed between the autolytic rates for this last pair.
Analysis of genetic determinants of resistance.
To exclude acquisition of vanA or vanB as the mechanism of resistance, a PCR for these resistance genes was performed. PCR for vanA and vanB genes was negative in all hVISA/VISA isolates. Because mutations in the agr locus have previously been described for VISA strains, we compared the sequence of the whole agr locus (ϳ3,500 bp) for each hVISA/VISA isolate to that of the parent strain. No difference was found between the VSSA and hVISA/VISA isolates for each pair, with only one or two base pair differences found compared to the MRSA COL agr region, none of which were predicted to affect function. In addition, no sequence change was detected in the tcaR and tcaA genes in any of the isolate pairs.
DNA genomic microarray comparison. No genomic differences were detected using genomic DNA microarray comparison between the initial VSSA and hVISA/VISA isolates for each pair, suggesting that the pairs were isogenic and that major genomic changes, such as deletion of one or more genes, had not occurred during the development of the resistant phenotype.
Reduced expression of the agr transcript RNAIII in hVISA/ VISA strains. Although no mutations were detected in the agr loci of the hVISA/VISA strains, we assessed agr expression and found a marked reduction in RNAIII expression in four hVISA/VISA strains compared to that of the parent, vancomycin-susceptible strains (Fig. 5) .
Biofilm assay. Because hVISA/VISA commonly develops in patients with prosthetic devices, we tested the hypothesis that clinical hVISA/VISA isolates would have an increased propensity for biofilm formation. Analysis of the ability of strains to adhere to a 96-well polystyrene microtiter plate revealed a marked difference between the VSSA and hVISA/VISA strains for all pairs (Fig. 6) ; however, the adherence ability was significantly reduced in all hVISA/VISA strains compared to that of the parent VSSA strains. 
DISCUSSION
Infections caused by strains of hVISA/VISA are increasingly being reported worldwide and are often associated with glycopeptide treatment failure, but a better understanding of the clinical correlates of hVISA/VISA infection are limited by problems with definitions and laboratory detection (21, 26, 48) . Understanding how hVISA and, subsequently, VISA develops may lead to more-rapid diagnostic tests and methods to prevent further emergence of resistance. We assessed phenotypic and genotypic changes in clinically derived pairs of VSSA and hVISA/VISA strains isolated from a region of the world geographically removed from regions where previous studies have been done.
We have confirmed that isolates of S. aureus with reduced glycopeptide susceptibility develop during failed therapy and arise from fully susceptible VSSA isolates. Molecular typing and genomic DNA microarray analysis suggested that the isolate pairs were isogenic. This has important implications for laboratory testing of clinical isolates for hVISA, as a negative hVISA test early in a clinical infection does not exclude the later development of hVISA/VISA, and repeat testing of clinical isolates should be performed for patients who are failing glycopeptide therapy. It is interesting that none of the patients developed VISA with a higher vancomycin MIC (8 g/ml) despite up to 32 days of persistent bacteremia with ongoing vancomycin therapy. It may be that some clones of S. aureus have a limit to the level of resistance that can be generated during a clinical infection. Although our isolates come from Australia and New Zealand, a number of the findings were consistent with previous reports. In particular, a significant increase in cell wall thickness was demonstrated in all hVISA/VISA strains, supporting the hypothesis that cell wall thickening and vancomycin "clogging" are the final phenotype responsible for resistance even in geographically diverse regions (8) . Also, a reduction in autolytic activity was observed in four of the five hVISA/VISA strains, a feature repeatedly reported from the United States (3, 33) and recently confirmed in the Japanese VISA strain Mu50 (45) . One of the hVISA strains did not demonstrate a reduction in autolytic activity compared to the VSSA parent strain, and it appears that reduced autolytic activity is not an absolute requirement for strains of S. aureus that are hVISA. This may reflect the possible heterogeneous nature of the changes leading to low-level glycopeptide resistance in S. aureus, or alternatively, reduced autolytic activity may be one result of the multiple selective pressures on the organism and could therefore be independent of the glycopeptide resistance. The agr typing results again indicate that a number of agr type strains can be associated with hVISA. Previous reports suggested an overrepresentation of agr II in hVISA and VISA strains (37) , but our data and those of others have demonstrated that agr type I strains appear to be commonly associated with clinical hVISA generation (23, 46) .
The enterococcal vancomycin resistance genes vanA and vanB were not detected in the hVISA/VISA strains in this study. It was important to exclude vanB as a possible cause of low-level vancomycin resistance in S. aureus in our region, where vanB vancomycin-resistant enterococci are much more common than vanA (1, 32) . Given the incomplete expression of the vanA resistance determinant in S. aureus (44) , the level of resistance mediated by vanB in S. aureus, if it were to occur, could be low. We chose to sequence the whole agr locus because of reports linking changes in expression or documented mutations or insertions with hVISA or VISA (37) but were unable to demonstrate any changes in our strains. However, using quantitative real-time PCR, a significant decrease in RNAIII expression was demonstrated in the hVISA/VISA strain in four pairs, with a minor relative reduction in the fifth pair, reinforcing the potential importance of the agr locus in the expression of low-level vancomycin resistance. As noted by Renzoni et al. (35) , the marked reduction in agr transcripts without mutations in the agr locus itself suggests that upstream regulators that repress agr expression have an effect in these strains.
Some studies have linked the tcaRAB locus with teicoplanin resistance in S. aureus (4) . Despite an increase in teicoplanin resistance, no changes in tcaA or tcaR gene sequences were detected in any of our strains. Also, using genomic microarray analysis, we did not demonstrate any significant changes between isolate pairs. The genetic changes leading to resistance in our strains are clearly associated with changes that do not lead to differences on the genomic array (such as single-base mutations) or, less likely, acquisition or deletion of genes which are not present on the arrays. These data support the notion that multiple genetic pathways may lead to a common phenotypic end point, given that our strains demonstrate similar phenotypes but not some of the reported genetic changes associated with reduced glycopeptide susceptibility in S. aureus. Elucidation of the molecular mechanisms of resistance in our strains will require further study.
The biofilm assay was performed in this study because many patients with hVISA or VISA infections have infection associated with prosthetic materials (22, 37) , and biofilm formation plays an important role in the pathogenesis of these infections (11) . In addition, the loss of agr function, as was demonstrated in our strains, has also been associated in vitro with increased propensity for biofilm formation (47) . We were surprised to find a marked and consistent reduction in the biofilm-forming ability of clinical hVISA/VISA strains compared to that of their parent VSSA strain. To our knowledge, biofilm assays have not previously been performed with clinical hVISA or VISA strains. Sakoulas et al. tested the biofilm-forming ability of a laboratory-induced hVISA strain and demonstrated increased biofilm formation compared to that of the parent strain by using a method similar to that described here (37) . Our results suggest that the findings of increased biofilm for- mation by laboratory-derived strains of hVISA or VISA may not be relevant to clinical strains. There are two important steps in biofilm formation: (i) early attachment of the bacterial cells to a surface, mediated by surface proteins, including microbial surface components that recognize adhesive matrix molecules (7, 13) , and (ii) accumulation of bacterial cell clusters in layers, which involves intercellular adhesion (7, 17) . It seems plausible that the significant cell wall changes occurring in strains of hVISA/VISA could limit biofilm formation by interfering with initial attachment or later intercellular adhesion. Further work is required to understand the mechanisms of altered biofilm formation in our strains. In summary, hVISA and VISA emerge during failed glycopeptide therapy in patients with serious MRSA infections. Many of the phenotypic changes are consistent with previous reports; however, reduced autolytic activity is not essential for the expression of low-level vancomycin resistance in S. aureus. The potential importance of reduced agr expression in hVISA/ VISA is also supported by our results. In contrast to previous reports, we demonstrated a significant reduction in the biofilmforming ability of hVISA/VISA strains. These pairs of clinically derived, isogenic strains of VSSA and hVISA/VISA will be a valuable resource for understanding the mechanisms of lowlevel glycopeptide resistance in S. aureus. Staphylococcus aureus microarray slides were kindly supplied by The Institute for Genomic Research (TIGR), Rockville, MD. We thank Vicki Bennett-Wood, University of Melbourne, for performing the electron microscopy.
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